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RESULTS OF SOME ELECTROPHYSIOLOGICAL IWESTIGATIOXS COEDTTCTED ON THE VOSKF109-1 
SPACECRAFT 

I.T. Ckulinichev, V. V. Bogdanov, D. G. Maksimov, and I. I. Popov 

ABSTRACT 

Previws space f l iqh t s  by Soviet and American cosmonauts permitted s tud ie s  

of func t iona l  changes occurring i n  a number of systems i n  t h e  hunan organism, 

However, such problems as  working a b i l i t y ,  t h e  degree of movement coordination, 

and t h e  maintainance of t he  motor stereotype es tab l i shed  on E m t h  have remained 

unclear. In  view of the  complexity of these problems, it, was most expedient 

t o  include a cosmonaut-physician w i t h  appropriate instruments i n  the  crew i n  

an attempt t o  e luc ida te  them. This idea was put i n t o  practice i n  the  Voskhod-1 

f l i g h t  . 
In  t h i s  r e p o r t  w e  w i l l  focus qn r e s u l t s  of some e lec t rophys io lo- ica l  

i nves t iga t ions  conducted during t h e  f l i y h t  lq- spec ia l  methods with t h e  he lp  

of a "Po1inomf1 apparatus. 

This apnaratus permitted t h e  recording of four physiological parameters f o r  

each cosmonaut: electroencephalogram (EEG) , electrooculogram (EOG) , dynamogram (DMS) , 
and probes of movement coordination when wr i t i ng  (wr i t ing  coordination-WC) . 

With the  aim of most e f f e c t i v e l y  making use of time, a spec ia l  program was 

developed which consisted of t h e  following: 

1. A t  t he  beginning of the  program, each member of t he  crew gave h i s  marker 

s igna l  (reference s igna l )  . 
2. Following the  marker, two t e s t s  were conducted i n  t he  course of 40 seconds 

on t h e  opening and c los ing  of t h e  eyes with a simultaneous EEG r e g i s t r a t i o n .  



3.  A t e s t  was conduc+.ed on a spec ia l  pickup on the  accuracy of completing 

four  double s p i r a l s ,  four  numeral six(s, and s igna ture  when wr i t i ng  w i t h  opened 

and closed eyes. 

4. In t h e  course of a minute, a wrist dynamograph with equal force  and 

duration was compre ssed. 

5. Three movements of t h e  eyes t o  t he  l e f t  and t h r e e  t o  the  r i q h t  a t  t he  

same angle from t h e  center  of t h e  glance were alternately conducted. 

t en  turn ing  movements of the  head from l e f t  t o  r i g h t  immediately followed Q a 

repeated probe os eye coordination took place. 

After t h a t  

A t  t h e  end of t he  program, each cosmonaut repeated h i s  marker signal.  

An i nves t iga t ion  of EEG's obtained during t h e  f l i g h t  permitted an evaluation 

of t he  dynamics of exc i t a to ry  and inh ib i tory  processes i n  the  b-ain cortex. ha lys i s  

of t h e  wr i t i ng  t e s t  conducted during the  f l i g h t  f a c i l i t a t e d  an evaluation of the  

accuracy of performing motor exerc ises  developed i n  t h e  process of preparation and 

provided f o r  i den t i fy ing  symptoms of fatigue.  

An inves t iga t ion  of EOG's f a c i l i t a t e d  the  eva lua t ion  of oculomotar act ivi ty  

and t h e  excitability of t h e  vestibular apparatus. 

Observed phys io logica l  s h i f t s  were func t iona l  in nature and r e f l e c t e d  processes 

of adaptation of t h e  human organism t o  spacef l igh t  conditions. 

The results of t h e  conducted inves t iga t ions  

methods and apparatus US& and provide t h e  basis 
ind ica t e  t h e  e f f ec t iveness  of t he  

f o r  recommending t h e i r  use O n  

f u t u r e  spaceflights.  
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PROBLEMS OF EVALUATING COSMONAUT WORK CAPACITY 
(BASED ON DATA FROM THE FLIGHTS OF "VOSKHOD-1" AND "VOSKHOD-2") 

P .  K .  Isakov, V. A .  Popov and L .  S. Khachatur'yants 

ABSTRACT 

1. The progress made by Soviet  science and technology i n  the  preparat ion 

and execution of space f l i g h t s  has increased t h e i r  r e l i a b i l i t y  t o  such a degree 

t h a t  t h e  problems of l i f e  support for short-term o r b i t a l  f l ights,  which a t  t he  

t i m e  of t h e  f i r s t  f l i g h t s  were bas ic  t o  t h e  general  problem of the  conquest of 

space, are beginning t o  give way t o  new inves t iga t ions  concerned with study of 

t h e  work capaci ty  of crew members and the i r  r e l i a b i l i t y  as l i n k s  i n  the  cont ro l  

system. 

2. Such inves t iga t ions  w e r e  begun with members of t h e  crew of  t h e  

"Voskhod-1" spacecraf t .  

p i l o t ,  which a t  t he  same t i m e  a r e  t h e  funct ions most e s s e n t i a l  t o  human a c t i v i t y ,  

were s tudied  by the  complex method. The da ta  thus  obtained have been he lpfu l  

i n  s e t t i n g  up programs f o r  longer, more complicated f l i g h t s .  

On t h i s  f l i g h t ,  t h e  most general  functions of t he  human 

3. The following methods were used t o  accomplish these  ends: 

- t he  study ana lys i s  of work operations; 

- 

- inves t iga t ion  of t h e  cha rac t e r i s t i c s  of ana lys i s ,  qua l i t y  of operat ional  

inves t iga t ion  of v i sua l  operational work capacity;  

memory, and percept ion during exerc ises  with regular  and random l i n e  

c i r c u i t s  ; 

- study of t h e  resolving power of t h e  v i sua l  apparatus.  
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. 4. Studies using t h e  above methods were conducted under laboratory condi- 

t ions ,  on a spacecraft  t r a in ing  mockup, and i n  a climate chamber simulating the  

spacecraf t  cabin.  The r e s u l t s  obtained were compared with f l i g h t  r e s u l t s .  

5 .  The f l i g h t  program f o r  "Voskhod-2" consisted of a g rea t  va r i e ty  of  

a c t i v i t i e s ,  not only involving complex decis ion making but also complex pro- 

cedures i n  execution. 

of a c t i v i t y  was worked up under t e r r e s t r i a l  conditions and repeated under con- 

d i t i o n s  of spacef l ight  during the  extravehicular excursion. No s t r i k i n g  d i f -  

ferences i n  e i t h e r  performance or  tempo were observed. 

The operat ional  habi t s  t ra ined  i n t o  the  spacecraf t  comander on Earth 

did not deser t  him. During the  culminating phase of t h e  f l i g h t ,  while t h e  co- 

p i l o t  w a s  outs ide the  vessel ,  he accurately and co r rec t ly  or iented t h e  ship, 

supervised the  EVA, and monitored the condition of  t he  man outs ide.  

A sequence of coordinated and c lose ly  i n t e r r e l a t e d  kinds 

6 .  

7. During t h e  f l i g h t  of "Voskhod-2", i n  addi t ion t o  the  f i r s t  ex t ra -  

vehicular  venture in to  space and a i r lock  exercises  i n t o  t o t a l  vacuum, the  

cosmonauts worked f o r  t h e  f i r s t  time with modeling equipment. It was possible  

t o  obtain the  square e r r o r  of p i lo t ing  operations, co r re l a t iona l  data  on human 

input and output parameters, and a l s o  t o  study the  cha rac t e r i s t i c s  of t h e  con- 

t r o l  process and da ta  transmission functions of the  human l i n k  i n  the  control  

system. In  addition, t he  l a t e n t  period of human motor react ions t o  s igna ls  of 

d i f f e r e n t  forms were s tudied f o r  t he  f i rs t  time under spacef l igh t  conditions.  

The above-mentioned cha rac t e r i s t i c s  were obtained f o r  conditions of both d i r e c t  

and delayed feedback. 

8 .  The s tudies  which were car r ied  out made it possible  t o  a r r i v e  a t  the  

following conclusions: 

- t h e  p i l o t ' s  cont ro l  a c t i v i t y  changes somewhat during t h e  f i r s t  stages 

of f l i g h t ,  a l l  evidence indicat ing t h a t  t h i s  change i s  dependent not 
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only on the transition from acceleration to weightlessness and the com- 

mencement of the adaptation phase, but also on the emotional content of 

the first hours of the flight; 

- visual resolution undergoes no significant change in persons with normal 

visual acuity, which was the basis for observation of an artificial 

Earth satellite and determination of the distance to it; studies of 

operational visual work capacity showed that some change does occur; 

the greatest difference was noted in analysis of the quality of opera- 

tional memory, which changed in all members of the crew; 

- 

- in designing spacecraft control systems it is essential to make al- 

lowance f o r  the fact that the parameters of human motor output under 

conditions of weightless differ somewhat from control conditions in 

the direction of greater amplitude of rational control impulses; 

- in the course of tracking activity, delay occurs, causing increased 

error values paralleling increased input parameter frequency; 

activity prediction elements under spaceflight conditions differ siightly 

from the same values obtained under Earth conditions. 

- 
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SOME REFULTS OF PHYSIOLOCICAL ANT3 ECOLOGICAL IhWSTIGATIONS OF 
CHLORELLA CULTURES AS A LI?!K I?! AN ECOSYSTEM 

Ye. Ya. Shepelev 

ABSTRACT 

1. 

be r e a l i z e d  

optimum c u l t i v a t i o n  conditi-ns i n  a l l  p a r t s  of t he  s*:spension. Per fec t ion  of t h i s  

combination of f a c t o r s  makes it possible t o  increase  t h e  product iv i ty  of Chlorella 

suspensions up t o  8-10 l i ters of oxygen per l i t e r  of suspension per hour. 

2. 

q u a n t i t a t i v e  co r re l a t ion  between t h e  consumption of carbon dioxide and mineral  

elements on one hand and the  production of biomass of a given composition and oxygen 

on t h e  other. 

c u l t u r e s  a s  a function of one o r  a few fac tors .  

3. 

by t h e  accumulation of gas sems  mixfmres i n  t h e  reqenerated atmosohere i n  concen- 

t r a t i o n s  which are in to l e rab le  b man. Also observed was t h e  accumulation of 

b io loy ica l ly  a c t i v e  substances i n  t h e  culture medium. 

increase  i n  concentration, t h e  i n i t i a l  st imulating e f f e c t  of these substances on 

growth becomes inh ib i to ry ,  

4 .  Preliminary da ta  obtained from t h e  experiments on t h e  permissible l i m i t a t i o n s  

of using Chlorella biomass i n  t h e  r a t i n n s  of b i r d s  and humans i n d i c a t e s  the  necess i ty  

It i s  acknowledged t h a t  the  po ten t i a l  p o s s i b i l i t i e s  of a l g a l  c u l t u r e s  can only 

by combining high suspension dens i ty  with t h e  maintainance of 

Tests i n  c u l t i v a t i o n  vesse l s  closed according t o  t h e  gas  phase revealed a 

This makes it poss ib le  t o  compute t h e  a c t u a l  material balance of a l g a l  

The in tens ive  c u l t i v a t i o n  of Chlorella i n  high dens i ty  suspension i s  accompanied 

According t o  t h e  degree of 
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f m  conducting f u r t h e r  inves t iqa t ions  aimed a t  extzending these l imi t a t ions .  

5. 

i ve ly  evaluating and ca lcu la t ing  mater ia l  r e l a t ionsh ips  i n  an ecological niche 

of organisms includable i n  a biological  system. 

A t  t h e  very l e a s t ,  these complex i n v e s t i g a t l  n s  a r e  necessary f o r  quan t i t a t -  
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PHYSIOLOGICAL REACTIOMS OF MU? TO ACCELERATIOKS DURING SPACEFLIGHTS 

P. V. Vasil 'yev and A .  R. KotovskaJe 

ABSTRACT 

1. A study of t he  physiological r eac t ions  of cosmonauts t o  space f l igh t  

acce le ra t ions  and t h e i r  comparison with d a t a  obtained from labora tory  

cen t r i fuga l  s tud ie s  i s  of g rea t  siynificance i n  t h e  prognojsis of working 

a b i l i t y ,  general s t a b i l i t y  during t h e  launch and r e e n t r y  of the  spacecraf t ,  

and e s t ab l i sh ing  methods of preparing man far spaceflights.  

2. Subjectively,  a l l  cosmonauts experienced approximately the same 

sensations during inser t  i n t o  o r b i t  as they d i d  during cent r i fuva t ion .  

Accelerated pulse and r e s p i r a t i o n  r a t e s  observed i n  the  pre-launch period 

continued t o  increase during the  beginning of t he  f l i g h t .  

icance i s  the  fact  t h a t  these ind ices  reached t h e i r  peak i n  the  first t ens  

O f  g r e a t  s ign i f -  

of seconds of the f l i ~ h ) ,  when the acceleration forces were n o t  U meat. Then 3 

i n s p i t e  of t h e  fact  t h a t  G fo rces  continued t o  increase, the re  occurred a 

steady decrease i n  t h e  l e v e l  of physioloqical s h i f t s .  

In t h e  f l i F h t s  of t he  Vostok series, changes i n  autonomic func t ions  were 

s i g n i f i c a n t l y  more evident than i n  the Voskhod f l i g h t s .  

be a t t r i b u t e d  t o  a lower level of neuro-emotional stress manifested by t h e  

crews of group f l i g h t s .  

This can ev ident ly  

3. Autonomic r eac t ions  dur ing  spacecraft  r een t ry  through atmospheric 

l a y e r s  were more in tense  as a rule than during t h e  i n s d r t  of t he  spacecraft  i n t o  
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o r b i t .  The pulse rates of a number of cosmonauts reached peaks of 184-190 

beats/minute. It i s  important t o  note t h a t  t he  magnitude of t he  r e a c t i o n  during 

t h i s  phase was greater than under t h e  e f f e c t s  of analagnus c e n t r i f u g a l  G forces.  

The majority of cos-onauts suffered from v i s u a l  d i s rup t ions  i n  t h e  form of "grey 

shroudsf1 during t h i s  phase of t h e  f l i g h t  which d id  not  occur during acce lera t ions  

under l abora to ry  conditions. These data can most l i k e l y  be explained from t h e  

standpoint of increased neuro-emotional stress during t h i s  period on one hand, 

and exposure t o  weightlessness beforehand which a f f ec t ed  the  func t iona l  level 

of mechanismregulatin? c i r c u l a t i o n  on t h e  other. 

4 .  To clarify the  r o l e  of hypodynamia and a l t e r e d  hydros ta t ic  pressure  which 

occur i n  space f l igh t s  and t h e i r  e f f e c t s  on s t a b i l i t y  t o  G forces we conducted 

experiments on 21 healthy men aqed 20-25 years. 

The r e s u l t s  of labora tory  s tud ie s  revealed t h a t  t h e  maximum endurance time 

t o  t ransverse  acce le ra t ions  of 7 G after 20 days of hypodynamia decreased t o  4-6 

seconds caaapared t o  4-5 minutes f o r  control ro t a t ions .  

A t  t he  most, t h e  endurance value of acce lera t ion  folioiring 8-15 days of 

hypokinesia was lowered on the  average by 2 G. 

dependert on ind iv idua l  r e s i s t ance  t o  acce lera t ion  and ranged from 0.7 t o  4 G. 

In addi t ion ,  it was es tab l i shed  t h a t  exposure t o  equivalent magnitudes of 

acce le ra t ion  was accompanied by f a r  grea te r  stress on physiolopical systems of 

the  orgavism. 

minute after hypodynamia compared t o  140,f13 beats/minute during con t ro l  ro t a t ions .  

It was shown t h a t  the  degree of a l t e r ed  r e s i s t ance  t o  acce le ra t ions  depend t o  

a l a r g e  measure on the  duration of hypokinesia. 

This  decriment was d i r e c t l y  

Forinstance, a t  8-9 G, t h e  mean pulse r a t e  was 1 7 0 i 1 1  beats/ 

Manifestations of fa in tness ,  v i sua l  disturbances,  and lowered a r t e r i a l  

p ressure  i n  vessels of t h e  pinna (ear) during acce le ra t ions  followed by a 

9 



subsequent increase  i n  d i a s t o l i c  pressure l e a d s  t o  the  proposit ion t h a t  a l t e r e d  

vascular tonus p lays  a leading r o l e  i n  lowered r e s i s t ance  t o  acce le ra t ions  

after hypokinesia. 

i nd ices  was increased t o  55-60 minutes compared t o  a con t ro l  value of 5-15 

minute s. 

The time taken f o r  t h e  r e s t o r a t i o n  of a l l  phys io logica l  

Hemorrhagic manifestations following acce lerc l t ions  which were preceded by 

bedrest  were far more not iceable  than under c o n t r o l  conditions. 

subjects a t  t he  end of the  bedrest  propam, the re  were ind ica t ions  of a 

tendency towards f r a g i l i t y  of small vesse ls  and m a n i f e s t a t i m s  of a pos i t i ve  

endo the l i a l  syndrome combined with changes i n  the  s i z e  and form of c a p i l l a r i e s .  

In  a f e w  

The experiments indicated t h a t  even an unequivalent imi ta t ion  of 

weightlessness l e a d s  t o  lowered r e s i s t ance  of man t o  accelerations.  

With an increase  i n  t h e  duration of o r b i t a l  f l i g h t s ,  it i s  l i k e l y  t h a t  

t h e  lrde-trainingft i n f  hence of weightlessness on t h e  cardiovascular, muscular, 

and o ther  systems w i l l  become more intense. 

of lowered resistance t o  acce le ra t ims .  

This can lead t o  a higher degree 

5. The execution of a system of complex exe rc i se s  durinq bed r e s t  combined 

with the  use of pharmacological agents had p o s i t i v e  results i n  a number of 

cases. 

A consideration and evaluation of t h e  prospect of acclimatization t o  

hy-poxia as  a non-specific method of increasing r e s i s t ance  t o  acce le ra t ions  i s  

a r r i v e d  a t .  In  our experiments on animals and s tud ie s  of human subjec ts ,  it 

was found t h a t  

high mountain a l t i t u d e s  increase 

The r e p o r t  w i l l  of fer material i l l u s t r a t i n g  these  s i t u a t i m s .  

15-30 day acclimatizatims t o  pressure  chamber conditi-ns and 

the r e s i s t ance  of t h e  organism t o  accelerations.  



THE PROBLEM OF NOISE NORMALIZATION IN LIFE SUPPORT SYSTEMS IN 

SPACECRAFT CABINS DURING PROLONGED FLIGHT 

Ye. M. Yuganov, Yu. V. Krylov and V. S. Kuznetsov 

ABSTRACT 

1. The constant presence in the spacecraft cabin.of noise caused by the 

operation of the life support system may interfere with the comfort and even 

lead to deterioration of the work capacity of the cosmonaut. 

2. In order to prevent the unpleasant effect of noise on the cosmonaut 

organism it is necessary to work out the physiologically permissible levels 

of acoustical stimulation. Such calculations as a rule will take into account 

the intensity of the noise, its spectral composition, and the duration of 

action. 

up to 7 hours out of 24, are essentially different from those under conditions 

of prolonged spaceflights. 

The permissible levels of noise in industry, where persons are exposed 

3.  On spacecraft without any special compartments for sleep or rest, the 

permissible noise characteristics should approximate the levels recommended for 

living quarters. 

levels under conditions of continuous and prolonged exposure of humans should 

not exceed 40 db. 

areas to be 35 db during the daytime, and 30 db at night. 

According to the data of E. Konecci, the permissible noise 

K. L. Karagodina considers the optimal noise level in living 

4. In 92 experiments which we conducted with the participation of 63 sub- 

jects, data were obtained which indicate that humans show a good tolerance to 

high-frequency noise at an intensity of 60-65 db for exposures of up to 60 days. 
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The ‘above-mentioned s tud ie s  ind ica t e  t h a t  man has a high r e s i s t ance  t o  prolonged 

and continuous exposure t o  noise o f  medium volume. 

On spacecraft  having spec ia l  compartments f o r  work, sleep, and rest, t h e  

permissible noise l e v e l s  must be d i f f e ren t i a t ed  according t o  the  ac tua l  purpose 

of  each of t he  compartments. 

maximum i n t e n s i t y  and frequency values f o r  noise must not exceed t h e  permissible 

l e v e l s  which w e  have s e t  (60-65 db) . 

I n  the  sleeping and r e s t i n g  compartments, t h e  

3 .  I n  t h e  spacecraf t  cont ro l  compartment, where t h e  cosmonaut i s  obliged 

t o  monitor t he  operation of navigation instruments for severa l  hours, maintain 

voice contact with t h e  o ther  crew members, and so  f o r t h ,  t he  noise l e v e l  should 

not exceed t h e  above-indicated parameters. In  e s t ab l i sh ing  noise l e v e l s  f o r  t h e  

working compartments, t h e  nature of the a c t i v i t y  and t h e  length  of time t h e  

cosmonaut must spend i n  them must be taken i n t o  account. During a 2-hour watch, 

t he  cosmonaut may be subjected t o  noise not exceeding 85 db i n  t o t a l  l e v e l .  

I n  a u x i l i a r y  compartments, where t h e  cosmonaut goes only at i n t e r v a l s  for 

shor t  periods,  t h e  noise level can be considerably h igher .  The s e t t i n g  of proper 

physiological hygienic norms f o r  noise i n  t h e  various compartments of the  space- 

c r a f t  assures  s a t i s f a c t o r y  performance of t h e  cosmonaut even under conditions of 

extremely prolonged f l i g h t .  

6. The unique nature of spaceflight conditions requi res  not only t h a t  

gene ra l ly  accepted concepts of r a t i o n a l  physiological and hygienic norms be f o l -  

lowed, but a t  t h e  same t i m e  bring t o  the fo re  new problems and so lu t ions  i n  

providing acous t ica l  comfort i n  t h e  cabin. It i s  extraordinary importance t h a t  

under spacef l igh t  conditions,  t h e  exposure t o  noise takes  place continuously 

and aga ins t  a background of a l t e r e d  emotional and v o l i t i o n a l  content. 

a l s o  be considered t h a t  by comparison with Earth, sound s igna l s  increase  

It must 
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con-siderably in "specific weight" and significance among the other stimuli which 

keep the cosmonaut informed as to the progress of the flight and the state of 

the external environment. For this reason, in addition to the conventional 

hygienic aspect of the noise background, the psychoacoustic effects of noise 

take on tremendous significance. 

7. The basic acoustic noise in the cabin during the entire flight is that 

produced by the continuously operating fans of the life support system. Fan 

noise is characterized by considerable stability in both amplitude and spectral 

composition. From the psychoacoustic standpoint it constitutes a monotonous, 

unpleasant stimulus. 

ditions is that of the elimination of the unpleasant physiological and psycho- 

acoustic effects of acoustical stimuli of medium and l o w  intensity. In this 

connection, periodic alteration, controlled by the cosmonaut, of the frequency 

characteristic of the noise, while leaving the level of volume unchanged, has 

been found effective. 

of 58-60 db, may be considered permissible for spacecraft cabins. 

sion of physical noise characteristics into volume levels it is convenient to 

use the methods proposed by Stevens and Zwicker. 

A new and extremely essential problem under these con- 

According to our data, a constant noise with a volume 

For conver- 

8 .  Complex measures for establishing not only permissible, but also 

minimum noise levels, together with the working out of ways of eliminating the 

unpleasant effects of prolonged continuous exposure to sound, must be regarded 

as a single problem in creating an optimal acoustical background for spacecraft 

cabins under conditions of prolonged spaceflights. 


